Blockade of the phosphatidylinositol-3-kinase-Akt signaling pathway enhances the induction of apoptosis by microtubule-destabilizing agents in tumor cells in which the pathway is constitutively activated.
Constitutive activation of the phosphatidylinositol-3-kinase (PI3K)-Akt signaling pathway is associated with the neoplastic phenotype in many human tumor cell types. Given the antiapoptotic role of this pathway, we examined whether its specific blockade might sensitize human tumor cells to the induction of apoptosis by various anticancer drugs. Although specific blockade of the PI3K-Akt pathway alone with inhibitors such as LY294002 did not induce cell death, it resulted in marked and selective enhancement of the induction of apoptosis by microtubule-destabilizing agents such as vincristine. This effect was apparent only in tumor cells in which the PI3K-Akt pathway is constitutively activated. Blockade of the PI3K-Akt pathway induced the activation of glycogen synthase kinase-3beta, which phosphorylates microtubule-associated proteins such as tau and thereby reduces their ability to bind and stabilize microtubules. The consequent destabilization of microtubules induced by the inhibition of PI3K-Akt signaling appeared to increase their sensitivity to low concentrations of microtubule-destabilizing agents that alone do not lead to the disruption of cytoplasmic microtubules in tumor cells. Such a synergistic effect on microtubule integrity was not apparent for stable microtubules in the neurites of neuronal cells. These results suggest that the administration of a combination of a PI3K-Akt pathway inhibitor and a microtubule-destabilizing agent is a potential chemotherapeutic strategy for the treatment of tumor cells in which this signaling pathway is constitutively activated.